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M nMMATIe OP THIS PAGS5W~ "a raftfoo

The synthesis of i.3.3-trinitroasttidin* wasn carried out by means
01 the 9eac6tiont Of i-t-butyI-3-aethanesulfonatoasetidine with sodium
nitrite to give i-t-butyl-3-nitroatatidine. Oxidative nitration gave I-
t-buty-3,3-dinitroasetidine, and nitrolysis with acetyl nitrate gave
ia3-trinitrasetidine. Other routes were explored. I -Benshydryl -
3#3-dinitroaaetidin* was obtained by nitrite displacement of i-bonzhy-
dryI-3-aethanosultonatoasetidint, followed by oxidative nitration, but
attempts to replace the benshydryl group by nitroiysis. hydrogenation or

* bremliation were unsuccessful. Nitration of I-t-butyl- 3-hydroxyaxeti-
~Ie -aethanesultonatoasetidint. 3-oarboxyasttidint and 3-hydroxy-

a@etdm gavet reupeotively. 1-t-butyi-3-fittratoazatidint. 1-nitro-3-
nomtbanosultenatoasetidino. 3-carboxy-i-nitroazetidint and 1-nitro- 3-

3.mnination of 2,4-diosiminoadamantant under mildly acidic condi-
tieme gave 2,4-dibromo-2.4-dinitroadamantane. Reactions of 2-ouimino-
ademantane. 2,-dioxininoadamantanis and 2.6-dioximinobicyclot3.3. 13-
nonane with neuttalised hypoohiorous acid resulted in replacement of the
osime group. with gem-dieftloro groupli 0 lass on cyclohexane rings.
even with substituents to prevent riinvrsions, gave the normal
*onversion to gem-chloronitroso grou~ The sodium salt of 2-nitro-
adamte reacted with tottanitromet ne, to give 2. 2-dinitroadamamtant,
ait)Iough the salt of nitrocyoloheaane v* only the coupling product,
1.1 -dinitcobtoyoloheuyl. In the presone of nitrite ion, the letter.
reaction gave iit-dinitrocyoohoxanis.
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I. INTRODUCTION

This report summarises the research under Contract N00014-78-C-0147

during the period 1 January 1983 through 31 December 1983 The oblec-

tire of this work is the synthesis of new high density. high energy

*eopounds for explosives applications. Work was continued in the area

of polynitroadamantanes. A new area of investigation is the synthesis

Of mall ring energetic heterocycles.

II. A3KTIDINI CHEMISTRY

A. DISCUSSION

On the basis of its theoretical density and explosive properties.

1,.3-trinitroasetldine was selected as a target compound. Calculations

of the density and explosive properties. using the Miller and Chafin

program, ae shown in Table I. Previously on this program. research was

aised at the synthesis of nitrooxetanes for use as monomers. 1 and tech-

niques that wore developed for the introduction of gem-dinitro groups

into the osetane system provided potential applicabliltv to the

asetidine ring system.

TABLE I
Calculated Properties of 1.3.3-Trinitroasetidine

CH 2 -C(N0a) 2  Density ............... 6.82
I I Detonation velocity.. 8.68 mmlmicrosec
N---CH Detonation pressure.. 353.54 kbar
I Heat of formation .... 56.92 kcal/l00 g
NO2  109.35 kcal/mole

Although a considerable amount of work has been reported dealing

with asetidines,2 the only nitro-substituted example known is 1-nitro-

6: ' £
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asotidline, which was synthesized from 1-nitrosoazetidine.3

CH a-CHK CH 2 -CH C H 2 -CH 2

M---CH N--CH2 N -- -CH 2

H NO NO 2

N-Substituted asetidines with functional groups in the 3 position

ame readily accessible by the reaction of anines with eoichlorohvdrin. 4

0 CH 2-CHOH

I

R

The benshydryl groups of N-benshydrylazetidin* derivatives can be

remeoved easily by catalytic hydrogenation 5. On the other hand, N-t-

butyl derivativies of larger-ring heterocycles are converted readily to

nittanines by nitrolysis. Thus N-t-butyl- and 1-benzhydryl-3-hydrony-

setine wete chosen initially an starting materials for this work.

i-t-fttyl-3-hydroxyazetidin& hydrochloride 4and 1-benzhydryl-3-

hydrcnyasetidine hydrochloride 7were obtained from the corresponding

amines and epichiorohydrin. Reaction of these salts with methanesul-

fonyl chtloridea gave the corresponding 3-methanesulfonatts.

The direct displacement of these methanesulfonates by sodium

itrite was found to produce 3-nitroasetidine derivatives under rather

limited condition.. The reaction of 1-t-butyl-3-mc-hatesufonatoazetid-*ne

with sodium nitrite and phiorgucinol dihydrate in aqueous methanol at

0'C gave an 61% yield of l-t-butyl-3-nitroasetidine in 46 h. This mat-

erial was somewhat unstable. and reactions at higher temperatures or in

vane ionizing solvents such as DIIF yielded no product. Because of the

meed to kee* the reaction temperatures low, the less reactive 3-bromo or

2
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3-tosylato derivatives failed to give the desired product. The benzhvd-

ryl derivative failed to give l-benthydryl-3-nitroasetidine under these

oonditions. This material was obtained in 11% yield from I-benzhydrvl-

3-lodoasetidino and sodium nitrite in aqueous DMF at '0° C in the pres-

eOne of phloroglucinol. The product was also obtained from lodoaset-

*idIn formed in-situ from the methanesulfonate and sodium iodide.

CK 2 -CHOSO 2 Me CH 2 - CHNO
I I MeOH 1 1
N --- CH ---- ) N---CH 2

I 2 NaNO 2
C H O 3 C M 3

CM.

CN 2 -cxI DHF CH 2 -CHNO 2
I I H2O I 
N---CN---------) N---CH2
I NaNO 2
CH~h 2  CHP h 2

Nitrite displacements on four-membered rings have not been repor-

ted, and our attempts to prepare nitroozetanes in this way were unsuco-

ogftl. 9 The reactions apparently depend on the accelerating effect of

the ring nitrogen.

1-Benzhydryl-3-nitroazetidin* was converted to 1-benzhydryl-3.3-

dinitroasetidino in 38% yield by reacting the nitronate salt with sodium

nitrite and tetranitromethane in ethanol. Attempts to us* the oxidative

nitration reaotion were unsuccessful because of low water solubility of

the nitronate salt. On the other hand, l-t-butyl-3-nitroazetidine was

oxidatively nitrated with silver nitrate- sodium nitrite to give I-t-

butyl-3,3-dinitroazetidine in 39% yield. A 60% yield was obtained with

a recently developed 0 procedure in which the nitronate salt is reacted

with sodium ferrocyanide, sodium persulfate and sodium nitrite. The

tetranitromethane; or potassium forrocyante - sodium nitrite method gave

only a 10% yield.

i3
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CH 2 -CHNO2  OH CH_ -C (NO 22! I I )

t4---CK NO N--- CH2

1 2 TNA I

CHPh 2  CHPh 2

S; 2 22

CH 2-CHNO 2CH 2-C(NO22
1 I 0. Nitr. 2 2

N---CH 2 N-- -CH 2
I or I

* CMe 3  Fe + + I NO 2  CM* 3

A number of attempts to convert the 1-benzhydrvl-3.3-dinitroazeti-

dine to i.3.3-trinitroasetidine were made without success. The benshv-

dryl group is an efficient leaving group in hydrogenations, and the

hydrogenation of l-benshydryl-3.3-dinitroasetidine was found to give an

8al yield of diphenylmethane. However, no nitro compounds were reco-

vered. Direct nitration also failed to give 1.3.3-trinitroazetidine.

1-t-Butyl-3.3-dinitroasetidine was found to form stable salts with

strong aids, and was thus resistant to nitrolysis even with hot mixed

nitrio and sulfuricacids. With 100% nitric acid, the nitrate salt was

obtained, up 1550 (dec). The triflate salt and the hydrobromide were

also isolated. Bromine formed a stable 1:1 adduct from which the

stuting material could be recovered. However. l-t-butyl-3.3-dinitro-

asetidine reacted quickly with a mixture of nitric aczd and acetic

anhydride at ice bath temperature to give a 35% yield of the desired

1.3.3-trinitroasetidine.

CH a-C(NOa) 2  CH2 -C(NO2 )
2

1 I HNO 1 I3
N---CH- N---CH 2
1 AC 2 I0
CHO 3  NO 2

l,3,3-Trinitroasetidine is a crystalline solid meltLng at lO11C

4 6 4

2MM
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without decomposition. Above 150 0 C it underwent slow decomoosition Its

density, determined by the flotation method, was found to be 1 83. and

itu crystallographic density, measured at the Naval Researoh Laboratory,

was 1.64.

The electron-withdrawing effect of the Gem-dinitro grouping appears

to enable this nitrolysis to take place by destabilizina salts of the

asetidine nitrogen. The reaction of l-t-butyl-3-hydroxyazetidine with

aoetyl nitrate gave i-t-butyl-3-nitratoasetidine. but no nitramine-

containing product. Similarly, l-i-propyl-3-hydroxyazetidine gave a

,high yield of 1-i-propyl-3-nitratoasstidine.

CH 2 -CHOH CH 2 -CHONO 2
I 1 HNO 3  1 R =Me 3 C. Me 2 CH
N---CH 2 N---CH 2
1 As 2 0 1

R 2R

As an alternative route to 3-nitroazetidines. oxidation of the

corresponding amines with m-chloroperbenzoic acid was tried. This

reaction was used previously with the osetane system.9 1-t-Butyl-3-

anincasetidine, prepared from the tosylate and ammonia , was treated

with a-chloroprbenzoic acid in refluxing ethylene chloride. No nitro

compound was obtained.

Work was initiated on a route using 1-t-butvl-3-atidoazetidine as

an intermediate. This aside was obtained in 75% yield by reacting the

tosylate with sodium aside in methanol.

CH 2 -CHOSO 2 Me CH 2 -CHN,
l 2 I MeOH 2

N---CH 2  --- ) N---CH 2

I NaN 3
CHe 3  CM. 3

2"-~~~~~.-..-............................. .. _ -, " -. ,. - . .......- .. -. ... ..... . - . .. . , . . ,. . . .. . ,
, ., .. d , P , 4. , ,.,, - P,.. , -'.' ° - -" * J. -, ," . 1. * -- p " tA . " - ., - " . . .. . . . .• -. . . . ",.. .'-.
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Another method of introducing nitro aroups into azetidines that was

examined briefly is halogenation of the oximes 1-t-Butvl-3-oximino-

asetidine could not be prepared because of instablilty of the orecursor.

l-t-butyl-3-azetidone. However, l-benzhydryl-3-azetidone 1 Z , obtained

from the reaction of the alcohol with oxalyl chloride and dimethyl

sulfoxide, was treated with hydroxylamine to give l-benzhydryl-3-oxim-

inoasetidine. The reaction of N-bromosuccinimide with this oxime

cleaved of the benzhydryl group to form benzophenone but no evidence for

nitro-oontaining products was obtained. Nitration of adamantanone

oximel in refluming methylene chloride gives cem-dinitro compounds'

a' However, nitration of 1-benzhvdryl-3-oximinoazetidine under these condi-

tions gave only the starting ketone.

l-t-Butyl-3-cyanoasetidine 13 was prepared, and was subiected to
" Q ondiions14

alkaline nitration conditions , but the desired nitro derivative was

not obtained. The nitrile also did not react with 100% nitric acid.

Another approach to nitroazetidines is to introduce the nitramino
j

function before the C-nitro groups. Hydrogenation of 1-benzhydryl-3-

hydroxyasetidine with Pearlman's oatalyst 5 cave a high yield of the

hydrochloride of 3-hydroxyazetidine. Nitration of this salt with acetvl

nitrate gave an 87% yield of I-nitro-3-nitratoazetidine.

CH 2 -CH-OH CH -CH-OH CH 2 - C H O N O 2
1 1 H 2 1 I HNO 3
N--- CH 2 HN---CH . ) N---CH2

I HCI H Cl- Ac20
CHPh NO 222

The nitrate ester is a solid melting at 70-71 0C. with a density of 1 61

The material is available in good overall yield. Removal of the nitrate

ester group did not take place readily, but exhaustive attempts were not

made.

6

Nd
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Hydrogenation of 1-benzhydryl-3-menthanesulfonatoazetidine similar-

ly gave 3-menthansultonatoazetidine, and nitration with acetyL nitrate

gave a high yield of 1-nitro-3-methanesulfanatoazeditine. 1-Nitro-3-

methansulfanatoazetidine did not undergo displacement reactions with

sodium nitrite or sodium aside. No reaction was observed below 100 0 C

and the nitramine decomposed above that temperature

CH 2 - CHOSO3 HS CHZ CHOSO 3Ma CH 2 -CHOS0 3 Me
. I I H 2  I I HN03 i 1

' N--- CH HN---CH ----- ) N---CH2
I 2 1CI H* Cl Ac 2O
CHPh2  I NO 2

Nitration of 3-carboxyazetidine with aoetyl nitrate cave 3-

oarbosy-l-nitroazetidine, This material was desired for conversion to

an ester, followed by alkaline nitration. This approach was abandoned

when attempted alkaline nitrations of the nitrile were unsuccessful.

4u.

B. EXPERIMENTAL

1-t-Dutyl-3-hydrozyazetidine Hydrochloride. A modification of the

procedure of Gaertner was used. A solution of 292 a (4 rol) of t-

butylamine and 370 g (4 rol) of epichlorohydrin in 700 ml of hexane

was stirred at room temperature for 3 days. The solvent was removed at

600C under vacuum. 200 mL of acetonitrile was added. and the solution

was refluxed for 4 h. Filtration, concentration of the filtrate and

refiltration gave 445 g (67%) of l-t-butyl-3-hydroxyazetidine hydrochlo-

ride, mp 165-167 0C (lit4 165-166C).

1-n nhydryl-3-hydrozyazetidine Hydrochloride This material was

prepared by the procedure of Anderson and Lok7 usina methanol as the

-C 7
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reaction solvent. An attempted preparation of l-benzhvJrvl-.3-azetidinl

* ! hydrochloride in hexane gave no crystalline products

l-t-Utyl-3-*thausi ulfonatouetidine The method of Masuda. et

11
al. was used. Thus, a solution of 33 g (0.2 eel) of 1-t-hutyl- 3-

hydromyastidine hydrochloride in 50 mL of water was -ade basic (pH 12)

with 10% sodium hydroxide solution and was extracted with 3 75 to 100 mL

portions of methylene chloride. The methylene chloride solution was

dried over magnesium sulfate and the solvent was removed under vacuum

The unstable free amine was dissolved immediatedly in a solution of 30 a

(0.3 aol) of triethylamine in 150 aL of dry benzene, and the solution

was cooled to 0 0 C with an ice-salt bath. Methanesulfonyi chloride. 27.5

g (0.25 rol) was added dropwise at a rate to maintain the temperature

below 40 C. and the solution was stirred for 2 hrs at 6° after the

addition was complete. The precipitated triethylamine hydrochloride was

filtered and was washed with 100 mL of benzene. Solvent was removed

from the filtrates under vacuum at 45 0 C. and the residue. 40 9 (70%) of

1-t-butyl-3-methanesulfonatoazetidine, was used without further purifi-

cation.

1-t-Utyl-3-nitroasetidine. A solution of 25 a (0.36 mol) sodium

nitrite in 30 mL of water was added to a solution of 40 a (0.25 toal) of

l-t-butyl-3-mthnesulfonyloxyazetidine and 32 9 (0 2 toal) of phloroglu-

cinol dihydrate in 300 mL of methanol, and the reaction mixture was

allowed to stand at 0C for 48 hrs. The resulting brown solution was

stripped of solvent under vacuum at 30°C and 200 ML of water was added

This msture, which decomposes on standing, was extracted rapidly with

three 100 aL portions of methylene chloride. The ir, thvlene chlrride

solution was dried over magnesium sulfate and evapoOated and the restji-

tant oil was distilled to yield 2.5 g (8%) of 1-.t-butvJ-3-.nitr-azeti-

' .t 4 ,- . .. ,. .- . .. .- .- .- ,- . .- .- ,- . .. ,. .,.,,. .. ,.,. ... , . .- ,. . . ,, .. ., ', " ,.,, ,'., .. ..8
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dine, bp 50-52 0C (0.1 an). IR (CH 2 Cy 3000 (C-H). 1550. 1430 cm-

(Hop) Hill (DCC ) 9 0.95 (s. 9 H, CA ). 3.55 (asyin d, J=3 Hz. 4 H.

CM 2). 4.90 (quint. 3.3 Hz, 1 H).

Lai1. Calod for C 7"1 4 "42 02 : C. 53.14; H. 8.72; N. 17.70. Found: C.

4. 52.67, H, 6.66; N, 16.33.

1-t-Butyl-3-nitroazttidin* wasn stable at -15 0 C for long periods.

but at coon temperature in a sealed tube, it became brown and viscous in

several days. Attempted preparations of this material starting with I-

t-butyl-3-bromoaseidine or l-t -butyl-3-toxylatoazeticline or using other

solvients suoh as DJIF or using anhydrous conditions were unsuccessful.

Longer reaction times up to one week failed to increase the yield and

reactions at room temperature gave yields in the 3% range.

I-Uenshydryl-3-nitroazetidine. A solution of 31.5 gj (0.1 mol) of

1-benshydryl-3-methanesulfonatoasetidine, 7.5 g (0.11 mol) of sodium

nitrite, 12 g of phlorogluoinol dihydrate. 14 9 (0.1 mot) of sodium

Iodide, and 20 aL of water in 200 mL of DMF was stirred at 50 0Cfor '18

hre and was then added to 150 mL of water. The mixture was extracted

with 3 100 aL portions of *ther to give 14.1 9 of oil. shown by NYIR

analysis to be a 1:1 mixture of l-benzhydrwl-3-iodoazetidin9 and I-

benuhydryl-3 -nit roasetidin e. Column chromatography (silica gel. methy-

le chloride) to yield 3.0 g (11%) of 1-benzhydryl-3-nitroasetidine. a"'

135-1346C: IR (CHA2 Cy: 3050 (C-H), 1550, 1440 (NO 2 ). 1370. 1340. 1200.

*11150, 1160, 1060, 1030 onm N MR (CDC 3 ) & 3.5 (asym d. 3=3 Hz. 4 H.

CM2). 4.3 (9,. 1 A. CA), 4.6 (m. I H. CA). 7.0 (m. 10 H. Ar) ppm,

Anal. Caled for C 16 " 16N202: C. 71.62; H. 6.01; N. 10.44. Found.

*C. 7 1. 21; H. 6 .5 2; N. 10. 10.

Similar results were obtained when I -benthydry 1-3 -iodoastldine was

!A'-
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used In place of 1-benihydryl-3-methanesulfonatoazetidine. Reactions

using methanol as a solvent failed to produce the desired product.

Reactions using lithium bromide in place of sodium iodide gave l-benzhv-

dryl-3-nitroasetidine in smaller yields. The use of anhydrous condi-

tions and the addition of urea to dissolve the sodium nitrite in DMF did

not improve the yield.

1-t-Butyl-3-bromoaetidine. A mixture of 29 g (0.1 mol) of l-t-

butyl-3-mothanesultonatoasetidine, 16 g (0.2 reol) of lithium bromide and

50 aL of acetone was stirred 24 h at room temperature. The salts were

filtered, the acetone was evaporated on a rotary evaporator and the

residual oil was distilled to yield 9.5 g (49%) of 1-t-butyl-3-bromo-

asetidine, bp 65-70°C (30 mm): IR (CH2 Cy): 3000. 2900 (C-H). 1480.

1360, 1220, 1100, 1090, 980 ca I; NR (CDC 3) 1 1.0 (s. 9 H. CH 3). 3.4

(a. 4 K. CH 2 ), 4.2 (quint, I H, ) ppm.

Ael. Calod for C H1 4 NBr: C, 43.76; H. 7.34; N, 7 29. Found: C.

43.45; H, 7.04; N, 7.19.

I-Benshvdryl-3-iodeasetidine. A solution 22 g (0.66 mol) of of 1-

bemshydryl-3-methanesulfonatoasetidine and 12 g (0.8 mol) of sodium

iodide in 100 aL of DMF was stirred at 60°C for 5 hrs and 200 mL of

water was added. Extraction with 3 x 100 mL portions of ether gave a

dark brown oil. This oil was dissolved in 30 mL of methylene chloride

and was passed through 10 g of silica gel. Evaporation of the methylene

chloride gave a waxy solid which was recrystallized from ethanol to give

16.3 g (70%) of 1-benshydryl-3-iodoasettdine. mp 96-97 0C: IR (CH 2 Cy

3050 (C-H), 1420, 1200, 1060. 1020 on - 1; NMR (CDCl 3 ) & 36 (in 4 H.

CH 2), 4.2 m, I H), 4.4 (s, I H), 7.0 (a. 10 H. Ar) ppm

Anae. Calod for C 16H1 6 N1: C, 55.02; H. 4 62. N. 4 00 Foundi C.

55.29; H, 4.80; N, 4.03.

10
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4 1-Demshydryl-3.3-dinitroasetidine. A solution of 1.0 g (0.0037

eel) of i-benshydryl-3-nitroazetidine and 0.30 g (0.0075 rol) of sodium

hyfrouide in 30 mL of ethanol was stirred for 30 =in at room temperature

and 1.0 g of sodium nitrite was added. Dropwise addition of 1.0 g

(0.005 rol) of tetranitromethane resulted in an exothermic reaction.

and a cool water bath was used to keep the temperature below 30 C.

After 30 min, and the ethanol was evaporated on a rotary evaporator, and

50 aL of water was added and the aqueous layer was extracted twice with

50 aL of ether to give a waxy solid. Recrystallization from ethanol

gave 0.44 g (36%) of 1-benzhydryl-3.3-dinitroazetidine. mp. 85-06OC: IR

(CH2cFI): 3050 (C-H). 1550, 1460 (NO2 ), 1380, 1340, 1200, 900 cm:- ; NHR

j (CDCI): S 3.95 (s, 4 H. CM2 ). 4.4 (s 1 H. CH), 7.1 (a. 10 H. Ar) ppm.

Anal. Calod for C 1 6HIsN30 4 : C. 61.33; H. 4.80; N. 13.42. Found:

C, 61.34; H, 5.06; N, 13.23.

Attempted preparations of this material by oxidative nitration

using silver nitrate - sodium nitrite or by using potassium ferrocyanide

*- sodium persulfate - sodium nitrite failed to give the desired product.

1-t-.tyi-3.3-dinitroa etidine. Freshly distilled I-t-butyl-3-

nitroasetidine (3.2 g, 0.0202 rol) was dissolved in a solution of 0.84 g

(0.021 sol) of sodium hydroxide in 50 mL of water (30 min stirring at

room temperature), and the solution was cooled to 100 C. Then a chilled

solution of 6.9 g (0.1 aol) of sodium nitrite and 1.3 g (0.004 rol) of

potassium ferrocyanide in 50 ml of water was added followed by 6.6 g

(0.026 ol) of solid sodium persulfate. The temperature rose to 30 0 C

after 10 min. The mixture was stirred for one h and then was extracted

with methylene chloride (2 x 50 mt.). The methylene chloride solution

was dried with magnesium sulfate and the solvent was removed on a roto-

11
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va.. The residual liquid was distilled to give 2 44 a 060%) of 1-t-

butyl-3,3-dinltroasetidine, bp 70-72°C (0.2 mm). ap 17-18°C: IR

(CH2CII): 3050 (C-H). 1580, 1465 (NO2 ), 1375. 1320. 1240 cm NMR

(CDCi ): a 1.0 (s, 9 H, CH),40 (a. 4 H. C 2) ppm
3,

Anal. Calod for C H1 3N 3 04: C. 41.38, H. 6.45; N. 2068. Found: C.

41.66; H. 6.5?; N, 20.11.

Oxidative nitration of 1-t-butyl-3-nitroaxetidine to 1-t-butyl-3.3-

dinitroasetidine was also accomplished using silver nitrate- sodium

nitrite in 39% yield or tetranitromethane in 10% yield This material

was stable for long periods at room temperature and stable to 100%

nitric aold. mixed nitric and sulfuric acids, and trifluoromethanesul-

tonic acid. It formed a nitrate salt, up 155°C (dec).

Hydrogenation of 1-Benshydryl-3.-dinitroazetidine. A mixture of

0.40 g (0.0013 mol) of 1-benzhydryl-3.3-dinitroazetidine. 100 mL of

methanol, 0.5 g of concentrated hydrochloric acid and 0 080 g of Pearl-

man's catalyst (5% palladium hyroxide on carbon) was hydrogenated at 50

psi at room temperature for 24 hours in a Parr bomb. At this time no

further drop in pressure was observed and the catalyst was removed by

filtration. Evaporation of the methanol and extraction of the residual

oil with ether gave a small amount of ether insoluble oil that contained

no nitro groups. The ether layer contained 0.17 g (80%) diphenyl-

methane, , as identified by IR and NHR comparisons with authentic

material.

,1,3$-Trinitroaestidine. Acetic anhydride (5 mL) was cooled with

an ice bath to 2°C and 1.5 aL of 100% nitric acid was added dropwise.

The mixture was stirred for 5 min and 0.75 g (0.0037 mel) of l-t-

butyl-3,3-dinitroazetidine was added dropwiser A waxy solid precini-

tated and slowly redissolved. After 1 hr. 50 mL of methylene chloride

12
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was added, and the solution was washed with 50 mL of water and 50 ml of

10% sodium oarbonat* solution, dried with magnesium sulfate, and strip-

pod of solvent. The residual solid was recrystallized three times from

oarbon tetrachloride to yield 0.25 g (35%) of l.3,3-trinitroasetidine.

up 103-104°C: IR (CH 2 Ci): 3050 (C-H), 1580. 1420 (NO 2 ) on-1; NKR

W&Ij) : A 5.0 (s) ppm; density (AgNO3 solution flotation) 1.83. This

material docomposed above 150 0 C and a sample was detonated by a hammer

blow.

Aa. Calod for C3 H4 N4 0 6 : C, 18.76; H. 2.10; N. 29.16. Found: C.

19.93; H. 2.16; N 26.81.

1-t-iMt,-3-nitratas tIdine. A solution of 5.0 g (0.038 mol) of

1-t-butyl-3-hydrozyasetidine in 10 =L glaoial acetic acid was added

dropwise at 10-15° C to a solution of acetyl nitrate prepared from 10 mL

of 100% nitric acid and 20 mL of acetic anhydride. The mixture was kept

at 10 0 C for 30 min and at 25 0 C for 5 hrs and then was poured over 100 =L

of ie. The mixture was neutralited with 10% potassium hydroxide and

was extracted twice with 50 mL of diethyl ether. The solution was dried

over sodium sulfate and solvent was removed to yield 315 g (47%) of I-

t-butyl-3-nitratoazetidine as a liquid: IR (CH 2 CI): 3000 (C-H). 1610 (-

0N0J), 1460, 1350, 1265, 1220, 1120 cmi-: NKR (neat) £ 0.95 (s. 9 '.

CR 3 ), 3.2 (m, 4 H, CH2 ), 5.2 (quint, 1 H. CH) ppm. This material

decomposed on standing and was not subJeot to elemental analysis.

Similar reactions of 1-t-butyl-3-hydronyazetidine with mixed nitric

acid - sulfuric acid, or with 100% nitric acid lead only to formation of

nitrate esters. No nitramines were observed.

1-l-Propyl-3-nitratoazetidne. A solution of I &I of concentrated

sulfuric acid and 7 aL of 100% nitric acid was cooled to 5 0 C and 3.0 a

13
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(0.02 nol) of i-i-propyl-3-hydroxyazetidine hydrochloride, was added

The solution was stirred for 24 hrs at room temperature and was and

Soured over 100 =L of ice. The water solution was neutralized with 10%

aqueous potassium hydroxide and was extracted with 3 x 50 al portions at

methylene chloride. The methylene chloride solution was dried over

magnesium sulfate and solvent was removed to yield 1_8 q (87%) of 1-i-

propyl-3-nitratoazetidin-. IR (CH 2C1 2): 3000 (C-H) 1620 (-ON 2 ), 1460,

-1
1360, 1320, 1260, 1220, 1190. 1095 cm . NMR (neat): 1.0 (d. J=3 Hz.

6 H, CH3 ). 2.2 (a. 1 H. CHle ). 3.0 (a, 2 H). 3.6 (m. 2 H), 5.2 (m. I H.

ring CH). This material formed a solid hydrochloride, mp 1540C (dec).

Anal. Caled for C6H 1 3 N20 3 C1: C. 36.64; H, 6.66; N. 14.24. Found:

C. 36.27; H, 6.67; N 14.05.

Similar reactions of l-i-propyl-3-hydroxyazetidine with nitric acid

or acetyl nitrate solutions gave nitrate esters but no nitramines.

1-t-Butyl-$-aminoasetidine. A solution of 29 a (0.1 tol) of I-t-

butyl-3-tosylatoasetidine in 100 mL of methanol saturated with ammonia

was stirred for two days at room temperature. The solution was filtered

and the methanol was removed under vacuum. The residual oil was dissol-

ved in 100 mL of methylene chloride, washed with 50 ml of 10% sodium

carbonate solution, dried with magnesium sulfate and stripped of sol-

vent. Distillation of the resultant oil gave 5.0 (40%) of 1-t-butyl-3-

aminoasetidine, bp 55-58°C (10 mm). Spectra and physical properties

were identical to those reported. 11

Attempted Oxidation of 1-t-Butyl-3-aminoasetidine. A solution of

1.62 g (0.0012 aol) of 1-t-butyl-3-aminoazetidtne in 5 ml of 1.2-dichlo-

roothane was added dropwise to a refluxing solution of 5.5 g (0 03 sol)

m-ohloroperbensoio acid in 50 mL of 1.2-dlchloroethane. An exothermic

reaction took place and a pale green solution was formed. The solution

14
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;I, was refluxed for 30 min, cooled, washed twice with 50 mL of pH 6.0

phosphate buffer. Removal of the solvent gave an oil that showed no IR

nit4o bands between 1500 and 1630 ea - 1. This oil was not investioated

further

1-t-Outyl-3-asidoasetidine. A solution of 14.0 a (0.049 mol) of

2-t-butyl-3-toyloyasetidine and 3.5 g of sodium aside in 50 mL of

"methanol was stirred at room temperature for 18 hrs. The methanol was

evaporated and the residue was dissolved in 50 mL of methylene chloride

and was washed with 50 mL of water and 50 mL of 10% sodium carbonate

IN solution. The methylene chloride layer was dried over magnesium sulfate

and solvent was removed to yield 5.7 g (0.037 mol, 75%) of crude I-t-

butyl-3-asetidine, a light brown oil essentially pure on the basis of

NNR. An analytical sample was obtained by distillation (with difficulty

because of foaming): bp 50-52 (0.5 mm): IR (CHI2 Cl) 3000 (C-H). 2140 (-

N 3 ), 1360, 1220, 1100, 1000 c-l; NMR (CDCI 3 ) 0.95 (s. 9 H. CH 3 ). 3-0-

4.0 (m, 5 H).

ASAi. Calod for C7 HI 4 N4 : C. 54.52; H, 9.15; N, 36.33. Found: C,

54.66; I1, .bu; N 36.18.

i-Semshydr-l-3-asetidone. A solution of 8.8 a (011 mol) of di-

methyl sulfoxide in 20 mL of methylene chloride was added dropwise to a

solution of 7.0 g (0.055 mcI) of onalyl chloride in 50 mL of methylene

, 'chloride at -78C, and stirred for 10 min. Then a solution of 10 g

(0.05 sol) of 1-Bensyhydryl-3-hydrozyazetidine in 50 mL of methylene

chloride was added dropwise and the mixture was stirred for 30 min.

Then 22 g ( 0.11 mol) of triethylamine was added and the solution was

warned to room temperature. The methylene chloride solution was fil-

J tred, washed twice with 100 mL portions of water, dried over magnesium

*1 15
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sulfate and stripped of solvent to yield a dark oil. Tlhs oil wL

extracted with hot hesane (4 x 50 =L). Evaporation of the hexane cave

6.2 g (60%) of 1-benshydryl-3-azetidone, mp 94-95 C (nethanol), 70-71eC

(Oetanol), (lit. 12 77-78).

1-Uenshydryl-3-azetidione was converted to l-benzhydryl-3-o amin-

asetidine with hydroxylamine hydrochloride and sodiuu carbonate in

ethanol: up 168-169%(; Ult. 16y-I'ft°C).

Anal. Calod for C 6H 6N 20: C, 76.16; H. 6.39; N. 11.00. Found: C.

75.95; H. 6.28; N. 10.91.

Meaorion of I-Senshydryl-3-ouiminoauetidine with NBS. A solution

of 2.5 g (0.01 mol) of l-benzhydryl-3-oximinoazetidine in 100 mL of

dioane was added to a mixture of 6.0 g (0.03 sol) of n-bromosuccin-

imide, and 3.0 g of sodium bicarbonate in 50 mL of water. The reaction

mixture became dark blue and then green over a 10 min period. After the

mixture was stirred for 30 min, it was added to 300 mL of water and

extracted three times with 100 mL portions of methylene chloride to give

1.2 g (67%) of bensophenone. identified by IR and NMR comparison with

authentic material. The aqueous solution was made alkaline with 10%

sodium hydroxide, and reextraction with methylene chloride gave only a

trace of 1-benshydryl-3-azetidone.

Nitration of 1-Benshydryl-3-oximinoasetidine. To a solution of 1.0

g ( 0.004 mol) of 1-benshydryl-3-oximinoazetidine in 10 mL of refluxina

methylene chloride was added, dropwise, 1.5 mL of 100% nitric acid The

solution became dark green, blue and then colorless over a 10 min

period. After 20 minutes, the solution was cooled ard extracted twice

with 10 =L of water. dried over magnesium sulfate ard stripped of

solvent. Extraction of the residue with 10 mL of chloroform yielded

0.10 g (10%) of unreacted starting material. Evaporation of the chloto-

16
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form gave 0.80 g (77%) of l-benzhydryl-3-azetidone.. identified by IR

and NNR.

Attempted Preparation of 1-t-Butyl-3-cyano-3-nitroasetidine. A

solution of 13.8 g (0.1 mol) of 1-t-butyl-3-cyanoazetidine t 3 and 17 9 (

0.15 sol) of potassium t-butoxide in 50 UL of tetrahydrofuran at -50 0 C

and was stirred for 30 min and 11.6 g ( 0.11 aol) of propyl nitrate,

was added dropwtse. The solution was allowed to stand at room tempera-

ture for one hr and 100 aL of water was added The mixture was extrac-

ted with ether to give starting 8.0 g (58 %) of recovered i-t-butyl-3-

oyanoasetidine, bp 70-720 C(4 m). No nitro containing materials were

observed.

Similar results were obtained when this reaction was attempted with

1-benshydryl-3-oyanoatetidine.

Reaotion of 1-t-Butyl-3-oanoasetidine with Nitric Acid. A solu-

tion of 1.0 g (0.007 aol) 1-t-butyl-3-cyanoasetidine in 5 mL of 100%

nitric acid was prepared at 5 C, and was stirred for 24 hre at room

temperature. The reaotion mixture was quenched with 50 mL of water, and

was made basic (pH )13) with 10% potassium hydroxide. The water was

extracted with methylene chloride to give 0.60 g (80%) of recovered l-t-

butyl-3-cyanoasetidine. No nitramines were observed in the IR.

3-Nitrato-i-nitroasetidine. The addition 20 mL of 100% nitric acid

to 100 =L of acetic anhydride, with ice bath cooling, was carried out

at a rate such that the temperature did not exceed 15 0 C . After 30 min

10 g (0.1 mol) of 3-hydroxyasetidium chloride was added at 100C and the

solution was stirred at room temperature for 6 hrs. The mixture was

poured over 100 aL of ice and water. After the mixture was stirred for

20 min, the precipitate was filtered and recrystallized from chloroform

11
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to give 16.3 g (87%) of 3-nitrato-1-nitroazetidine, mo 70-71 0 C. bp 115-

118 (0.2 mm), density (AgNO 3 solution flotation) 161" IR (CH2 Cl ). 3050

(C-H), 1640 (ON0 2 ), 1540, 1430 (NO 2 ), 1310.1270. 1170, 1140, 1000, 840

COA- Nmit (CDCI.): & 4.5 (m, 4 H, CH2 ), 5.3 (m, I H, CH) ppm.

Anal. Calcd for C JHN 3 0 C, 2209; H. 3 09; N. 25 76 Found C.

22.2?; H, 3.06; N, 22.47.

3-Methanesulfonato-I-nitroasetidine Nitric acid (108 mL, 100%)

was added to 50 mL of acetic anhydride while the temperature was keot

below 150 C, and the solution was stirred for 30 min Then 5.6 g (0.03

mol) of 3-methanesulfonatoazetidium chloride 7 was added and the miuture

was stirred at 15 0 C for 30 min. The solution was poured over 100 miL of

ice and the mixture was stirred for 2 hrs. The solid which formed was

filtered and recrystallized from ethanol and then chlotoform to give

5.25 g (86%) of 3-methanesulfonato-l-nitroazetidine. mp 75-760C: IR

(CH 2CI 2 ): 3050 (C-H). 1530 (NO 2 ), 1340, 1180, 1020. 960, 910 cm- I NMR

t(LLI.; 3 ): 3.05 (s, 3 H, CH3 -S), 4.6 (W, 4 H. CH 2), 5 1 (m. I H) ppm

Anal. Calod for C4IsN2OsS: C, 24.36; H 4.09. N. 14 20. Found C.

24.50; M, 4.22; N, 14.09.

KeaoUou of 3-Nethanesulfonato-l-nitroasetidine with Sodium

Nitrite. A solution of 1.8 g (0.01 mol) of 3-methanesulfonato-l-nitro-

asetidine, 0.8 g (0.011 mol) of sodium nitrite. 1.4 a of phlorocucinol.

0.2 g of urea, and 0.5 g of lithium bromide in 40 mL of DIIF was

stirred at room temperature for 4 days. NMR analysis showed no reac-

tion, and heating the solution 2 days at 40 0 C gave 1 55 a (86 %) of

recovered 3-methanesulfonato-l-nitroazetidine.

Reaction of 3-Nethanesulfonato-t-nitroasetidine with Sodium Aside

A solution of 1.8 g (0.01 aol) of 3-methanesulfonato-i-nitroateticine

and 1.0 g (0.015 tol) of sodium aside in 30 mL of diethyleneglvrol wis

18
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stirred at 80 C for 24 hrs. NMR and IR analysis of showed no reaction

Heating the mixture to 130 0C gave an intractable tar

3-Cabowxy-1-nitroasidino. To a cooled solution of 50 mL of

acetic anhydride was added 10 mL of 100% nitric acid, with the tempera-

ture maintained below 15°C. This solution was stirred for 10 uin and

5.0 g (0.036 mol) of 3-carboxyazetidinium chloride 7 was added. After 10

min, an exothermic reaction occured and the solid dissolved. The solu-

tion was stirred for 8 hrs and was then poured over 100 mL of ice The

mixture was extracted twice with 100 mL portions of methylene chloride,

and the aqueous layer concentrated to 25 mL and extracted twice with 50

aL of ether. Evaporation of the ether and trituration of the residual

oil with methylene chloride gave a solid which was recrystallized from

ether to give 3.4 g (65%) of 3-oarboxy--nitroazetidine0 ap 132-1340C:

IR (KBr): 3100-2900 (O-H), 1695 (C=O), 1540, 1430 (NO 2 ). 1300, 1220,
4

1160, 920 an-: NIR (D20): F 3.5 (m. I H), 4.5 (assym d. J= 3 Hz. 4 H).

Anal. Calod for C 4H 6N 20 4 : C, 32.88; H. 4.14: N. 19.17. Found: C.

32.85; H, 4.86; N 18.98.

.19
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III. ADAMANTANE CHEMISTRY

A. DISCUSSION

A stucy of the synthesis of carbocyclic polvnitro compounds was

" 1
initiated in the preceding year with the objective of producinq useful

high density explosives. With monofunctional adamntanes as model com-

pounds, intermediates to geminal d:nitro grouDs were obtained by several

routes: direct nitration of oximes, bromination or chlorination to halo-

nitro compounds, and oxidation of oximes or auunes to nitro compounds

Extension of this work provided 2,,6,6-tetranitroadamantane. To obtain

more energetic adamantanes based on gem-dinitro substituents. it is

necessary to operate on 2.4 substituents. The principal obiective has

been to develop a route to 2.2,4.4-adamantane, and model studies toward

this end were continued with simple adamantanes and with structurally

related bicyolononanes. Geometrical orowding of nitro croups is all

apparent obstacle.

The direct nitration of 2.4-dioximinoadamantane cave an internal
S1

dinitro-nitroso dimer I and no tetranitro compound, suocestina that

because of steric requirements the nitroso intermediate dimerires before

it is able to further oxidize. Attempts to bro-ninate this oxime under

normal conditions were unsuccesful. A recent paper on the chlorinatic, n

of oximes 1 5 suggested that halogen reactions of oximes might be pH

dependent. Therefore, the reaction of N-bromosuccinimide with 2.4-diox-

iminoadamantane was carried out under mildly acidic c,.nditions and at

subambient temperatures, and 2.4-dibromo-2.4-dinitroa ia.antane was iso-

lated in 5% yield. The material, a mixture of isomers., was character--

ised spectrally and by elemental analysis. Its meltino ront is lrO-

.20
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17O0 C. The fact that this material with bulky groups in in the 2.4-

positions Is stable give. encouragement that the 2,.,14-tetranitroada-

mantano structure is attainable.

The reduction of 2.4-dibromo-2.4-dinitroadamantane to 2.4-dinitro

adamantane, is under study. Sodium borohydride gave a complex mixture of

products, and other reagents are being examined.

Attempts to prepare 2,4-dinitroadamantane from the dioxime by

direct oxidation with pertrifluoroaoetio acid were not successful. Ada-

mantane oximes; art known to undergo facile rearrangement to ring

expanded asa-homoadamant ants. This occurred in the peracid oxidations.

even in buffered aetonitrilt solutions, and no nitro compounds were

a-. obtained.

a. The halogenation of oximes under alkaline condition. usually leads

to ketone formation. An exception is the reaction of 2-oxirainoadaman-

tans, which forms Z-chloro-2-nltroadamantane Iwithout an added oxidixino

agent. The normal method to convert oximes to chloronltro compounds

involves the direct reaction with chlorine gas to form a chloronitroso

% derivative which can be oxidized with ozone or peracid to the chloro-

nitro compound. Corey found that oximes react with aqueous hypochlo-

rous acid at p14 5.5 to give gam- chloronit roso compounds. which are

subsequently oxidized to gem-chloronltro compounds ini benzene with

alkaline hypochlorlte in the presence of a phase transfer agent such as

tetra-n-butylammnum hydrogen sulfate. In our hands. this reaction

gave yields in excess of 90% with simple oxinies and f"yen with norbornvl

structures.

In the adamantan* system, however, the reaction of oxinies with rH

5.5 hypochlorous acid gave an anomalous chlorination ieaction. The

reaction of 2-oitiminoadamantane gave a 59% yield of 2.2-dichloroadatmana-

21
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tanq, a 37% yield of 2-ohloro-2-nitroadamantane and a 4% yield of adam-

antanone. The reaction of 2,6-dioximinobicvclo[3.3 lJionane yielded 60%

of 2.2.6.6-tetrachloro-bicyclo3.3.linonane and no nitro compounds were

detected. The same product would be expected from the reaction of

bioyoloC3.3.iUnonane-2.6-dione with phosphorus pentachloride. but

instead a material was obtained that appears. on the basis of analytical

data, to be 2,6,6-triohloro-2-oxatricyio3.3.1 2"decane. The same

material was obtained from the reaotion of 2,.,6,6-tetrachloro-bicvcio-

C3.3.lnonane with base. The reaction of 2.4-dioximinoadamantane with

hypoohlorous acid gave 2.2,4.4-tetrachloroadamantane and no dichloro

dinitro derivative. The anomalous reaction cannot be explained simoly

on the basis of the inflexibility of the adamantane ring structure. t-

Butyl groups are known to prevent cis-trans conversions of cyclohexane

rings, and 4-t-butylosiminocyolohexane and 2-t-butyloximinocyclohexane

both underwent normal reactions to give the chloronitroso derivatives.

Differences were also observed between adamantane systems and

oyolohexanes in conversions of nitronate salts to aem-dinitro compounds.

For example, the sodium salt of 2-nitroadamantane was converted to 2.2-

dinitroadamantane with tetranitromethane in hioh yield. On the other

hand, the sodium salt of nitrocyclohexane reacted with tetranltromethane

to give exclusively the coupling product, 1,l'-dinitrobicyclohexyl. In

the presence of sodium nitrite, however, this reaction gave a 24% yield

of the coupling product and a 76% yield of 1.1-diiiti ocyclohexane The

reaction thus has similarities to the oxidative nitration, with tetra-

nitromethane functioning as an electron transfer reaoent The differen-

cs between adamantattes and cyclohexanes are not readily explainable
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B. EXPERIMENTAL.'

2,2.6.6-Ttrohlro-bioyclo[.3.tnoemaae. A pH meter was used to

neutrallse 200 aL of commercial pool bleach (5% sodium hypochlorite) to

pH 5.5 at 0-5°C with 10% sulfuric acid. Then 100 mL ef benzene and 5 0

I .g 0 (0.027 MO) of solid bicyclo[3.3.llnona-2.6-dione dicuae were added

rapidly with stirring. As the dioxime dissolved, the .clution became

deep blue. After I h, the benzene layer was removed 'nd stirred with

100 aL of unneutralized bleach and 0 5 9 of tetra-n-butvlammonium bisul-

ftate for an additional 2 h. The solution became colorless. The organic

layer was washed with 50 mL of water and dried over magnesium sulfate

Removal of the solvent and distillation yielded 4.2 g (60%) of 2,2,6,6-

tetraohloro-bicyclo[3.3.1.3nonane, bp 112-115 (0.3 mm). mp 20-Z2C: IR

(CM2CI2 ) 3000 (C-H), 1460. 1440 (C-CI) cm-  NMR (CDCI 3 ) G 2.0-2.8 ppm

Anal. Caled for C,0 1 2C1 4 : C. 41.26; H, 4.58. Cl. 54.14. Found: C.

41.19; H. 4.32; Cl, 54.52.

2.6.6-Triohloro-2-ozatroyolo[3.3.l 2'?3deoane Phosphorus penta-

chloride (10 g, 0.05 mel) was added with stirring to a solution of 3 0 9

(0.02 aol) of bicyolo3.3.lnona-Z.6-dione in 50 mL of methylene chlor-

ide. After 15 min, the organic layer was washed (Z x 100 mL of water).

dried over magnesium sulfate and stripped of solvent to yield 6.1 a of

crude oil. Distillation gave 3.1 g (68%) of 2.6.6-trichlcro-2-oxatri-

oyolo[3.3.1 2.7 ? oane, bp 86-88 C (0.3 mm)- IR (CH2 Cl;, 3000 (C-H). 1440

(C-Cl), 1300, 1100, 1000, 920 cm- NHR (CDC] 3 ) t 1.8-2 8 (m. 10 H). 5.6

(m, I H) ppm.

Allt, Calod for CHIC3 0: C. 44.75; H. 4 59; Cl. 44.03. Found C.

44.44; H, 4.57; Cl, 44.01.

G.l.o. analysis of the crude reaction mixture on a 4' 3% SE-30

column at 150 0 C failed to show the presence of any 2,2.6.6-tetrachloro-
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bioyolo[.3. lnonane.

Reaotie of Z.,6.6-Tetrachloro-bioyclo[3.3.13nonane with Base, A

solution of 0.1 g (0.0004 rol) of 2,2,6,6-tetrachloro-bicvcloC3 3 UI-

nonane in 5 mL of tetrahydrofuran was stirred for 2 weeks with 0 1 a of

potassium t-butoxido. Then the solvent was removed and the residual oil

was disolved in 50 aL of methylene chloride, washed with 50 mL of

water, dried with magnesium sulfate and stripped of solvent to aive 0.05

g of an oil identified by nar and g.l.o as 2,6.6-trichloro-2-onatri-

eyoloC3.3.1' 37 deocan. G.l.c. analysis did not detect either starting

2,2,6.6-tetraohloro-bcylo3.3.1]nonane or bicycloe3.3 l nona-2.6-

dione.

No reaction took place between 2,2.6.6-tetrachloro-bicvclor3.3 I]-

nonane and sodium acetate in rofluzing acetic acid (48 h) or potassium

hydroxide in ethanol (48 h at 25 0C).

Rleaotiom of 2-Ouiulmoadanantano with Kypochlorous old. A mixture

of 50 aL of commerical pool bleach (5% sodium hypochlorite) and 50 mL of

ice was acidified to pH 5.5 with phosphoric acid using a pH meter.

Then, 1.0 9 (0.06, mel) of 2-oximinoadamantane suspended in 20 mnL of

bensne was stirred with the bleach solution for 10 min at 20-25 0 C. The

solid became blue. dissolved and decolorited. The organio layer was

separated, washed with water, dried over magnesium sulfate and evasor-

ated to yield 0.75 g of an oil. Quantitative g.l.c. analysis of this oil

showed it to contain 4% 2-adamantanone, 59% 2,2-dichloroadamantane and

37% 2-chloro-2-nitroadamantane. The 2.2-dichloroadamantane was identi-

fied by comparison with an authentic sample. 16

Reaotlm of 2.4-Diouiminoadaiantane with Hypochlorous Acid. A

solution of 100 mL pH 5.5 aqueous bleach was neurtalized with phosphoric

24
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aold as described above and 2.0 g (0.01 mol) of 2.4-diaximinoadamantane

suspended in 100 mL of benzene was added. The solid became blue. dissol-

ved and rapidly decolorised. After I h, the organic laver was washed

with 100 aL of water, dried over magnesium sulfate and stripped of

solvent to yield 1.6 g of an oil. Column chromatography (silica gel.

with 9:1 heoane-acetone) gave 0.35 g (13%) of 2.2.4,4-tetrachloroadaman-

tane mp 195 C (sealed tube. subi )110°C. 1 atm): IR (CH 2 1 /, U00 (C-

H), 1450 (C-Cl), 1240, 1080, 1040, 1000. 900, 840, 820 cm' NMR (CDCI 3 )

5 1.? (2 1), 2.3 (4 H), 2.6 (4 H), 2.85 (2 H) ppm.

hAfiL Calod for C1oH1 2 C44 : C, 43.8; H. 4.73. Found: C. 43.79; H.

4.52.

Maotlu Of CuOli Ouises with KHypoclorous Acid- A solution of

10.0 g (0.059 aol) of 4-t-butyl-l-oximinoyolohexane In 50 mL of benzene

and 0.5 g of tetra-n-butyl ammonium hydrogen sulfate were stirred with

100 =L of neutralized commercial 5% pool bleach (adlusted to pH 5.5 with

20 g of disodium hydrogen phosphate and phosphoric acid). The solution

turned blue immediately and decolorized after 10 min. The organic layer

was separated and dried over magnesium sulfate. G.l.c analysis (120 0C,

4' 52-30 oolunn) showed only one material. The crude material. 10.0 g

(92%), was distilled to yield 8.4 g (78%) of 4-t-butyl-1-chloro-l-

nitrocylooheuanec bp 96-98 0 C (0.2 am) ( reported1 5 yield 82%)

As a reference. 1.0 g (0.0053 mol) of 4-t-butylcvclohexanone was

reacted with 2.0 g of phosphorus pentachloride in 30 mL of methylene

ohloride for 2 hours at 25 0 C. The organic layer was washed with 100 mL

of water and dried over magnesium sulfate. G.l.c. analysis showed two

peaks in relative area ratios of 35:65 at shorter retention times than

that of 4-t-butyl--hloro-l-ntrooyolohexane. NMR analysis sugoests

these materials are 4-t-butyl-1.1-dichlorooyclohetane and 4-t-butvl-l-

.%.!
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0
qhlorooyclohexene. Neither of these materials were observed in the

ohiomatogram of crude 4-t-butyl-i-chloro- I-nitrocvclohexane

Similarly, I-oximinocyclohexane, 2-t-butvl-l-oximinocvclohexarne

and osimino-d-camphor gave the reported chlorc nitro derivatives

without detectable amounts of gem-dichloro derivative

Perouytriflumroaoetio Acid Ouidation of 2-Ouninoadamantane A

mature of 25 g of disodium hydrogen phosphate. 21 a (0.1 mol) of

trifluoroacatic anhydride, and 50 mL of acetonitrile was treated droo-

wise with 1.8 g of 50% hydrogen peroxide at 10-150 C. After 30 min. 1.6

g (0.01 mel) of 2-oniminoadamantane in 50 mL of acetonitrile was added

dropwise with rapid stirring at the reflux temperature . A transient

blue color appeared. After 1 h the solvent was evaporated, and the

residual oil was diluted with 50 =L of methylene chloride and was washed

with 200 aL of water. The organic layer was dried over magnesium sul-

fate and solvent was removed to give 1.4 g (87%) of 3-oxahomoadamantan-

18
2-one, identified by IR and NMR comparisons to authentic material.

2.4-Dibromo-2.4-dihdtroadamantane. A mixture of 27 9 (0.15 mol) of

n-bromosuocinimide and 15 g of sodium bicarbonate in 150 mL of 20:80 o-

dioxane-water was cooled to 10°C and 5.0 g (0.025 tool) of 2.4-dioximino-

adamantane was added. The solid became green and slowly dissolved. The

mixture was stirred 48 h and was extracted with methylene chloride (4 x

100 mL). The organic layer was washed with 100 mL of water, dried with

magnesium sulfate and solvent was evaporated to give 3.1 of crude oil.

Column chromatography (silica gel, 95:5 hexane-actone) gave 0.52 g (5%)

of 2,4-dibromo-2,4-dinitroadamantane, (mixture of isomers). mp 150-170:

IR (CH2 c1 2), 3000 (C-H), 1560, 1420 (NO2 ). 1220 cm-1; NMR (CDCI 3 ) 6 2.0-

3.0 (i H), 3.95 (1 H) ppm.
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. Caled for C1 0 H1 3r C. 31.17; H 3 37. N 7.29. Found C.

31.23; H, 3.33; N. 7.25.

Reduction of 2.4-Dibromo-2.4-dinitroadamantane with sodium borohvd-

ride in methanol gave a complex mixture of nitro- and carbonvl-contain-

lag materials.

Reaotieo of Xitrooyoloheanse with Tetranitronethane. A solution of

4.0 g (0.03 mol) of nitroyclohexane in 10 mL of ethanol was stirred

with 1.3 g (0.033 nol) of sodium hydroxide in 5 mL of water for 30 min.

Then, 6.0 g (0.03 mol) of tetranitromethane was added dropwise and the

solution was stirred for 1 h. The ethanol was evaporated and the resi-

dual oil was dissolved in 50 mL of aethylene chloride and was washed

with water (3 x 100 mL). The organic layer was dried over magnesium

sulfate and stripped of solvent to yield 3.75 a (92%) of t.l'-dinitrobi-

cyolohexyl. up 222 °Cdeo. (lit 217-221°C). In another experiment, 2.0 a

(0.015 aol) of nitrocyclohexane and 0.6 g (0.015 aol) of sodium hydro-

side, were stirred with a solution of 3.5 g (0.05 mol) of sodium nitrite

in 15 uL of water for 30 min, and 3.0 g (0.015 mol) of tetranitromethane

was added dropwise. The reaction mixture was worked up as above to

yield 0.90 g of a waxy solid. NKR analysis of the product showed 24%

l,1'-dinitroboyolohexyl and 76% of 2.2-dinitrocyclohexne(6% and 26%

conversions respectively).
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